An aerobic, Gram-stain-negative, rod-shaped, DDT-resistant bacterium, designated strain CC-ALB-2 T , was isolated from the Arabidopsis thaliana rhizosphere. Strain CC-ALB-2 T was able to grow at 25-37 6C, at pH 5.0-8.0, with 1.0 % (w/v) NaCl and tolerate up to 200 mg l "1 DDT.
(96.8 %), and lower levels of similarity (,97 .0 %) to other species of the genus Novosphingobium. The major fatty acid profile consisted of C 14 : 0 2-OH (13.1 %), C 16 : 0 (10.0 %), C 15 : 0 iso 3-OH (5.8 %), C 16 : 1 v7c/C 16 : 1 v6c (summed feature 3, 24.7 %) and C 18 : 1 v7c/C 18 : 1 v6c (summed feature 8, 42.4 %). The polar lipid profile constitutes sphingoglycolipid, glycolipid, diphosphatidylglycerol, phosphatidylethanolamine, phosphatidyldimethylethanolamine, phosphatidylglycerol and phosphatidylcholine. The polyamine pattern showed a predominance of spermidine as the major polyamine. The predominant quinone system was ubiquinone (Q-10). The DNA G+C content was 68.9±0.1 mol%. Based on the phylogenetic, phenotypic and chemotaxonomic features, strain CC-ALB-2 T is proposed to represent a novel species of the genus Novosphingobium for which the name Novosphingobium arabidopsis sp. nov. is proposed. The type strain is CC-ALB-2 T (5BCRC 80571 T 5JCM 18896 T ).
The genus Sphingomonas was first described by Yabuuchi et al. (1990) , and belongs to class Alphaproteobacteria, order Sphingomonadales and family Sphingomonadaceae. Based on refined phylogenetic, chemotaxonomic and physiological analyses, the former sphingomonads have now been divided into five genera: Novosphingobium, Sphingobium, Sphingomonas, Sphingopyxis and Sphingosinicella (Takeuchi et al., 2001; Maruyama et al., 2006) . The genus Novosphingobium was first described by Takeuchi et al. (2001) , and was proposed as a consequence of the dissection of the genus Sphingomonas (Yabuuchi et al., 1990) based on phylogenetic and chemotaxonomic analyses (Takeuchi et al., 2001) . The type species of the genus Novosphingobium is Novosphingobium capsulatum. Members of the genus Novosphingobium have been isolated from a wide variety of habitats including oil-contaminated soil (Kaempfer et al., 2011) , coastal and freshwater sediments (Balkwill et al., 1997; Sohn et al., 2004; Liu et al., 2005) , activated sludge/wastewater treatment plants (Neef et al., 1999; Fujii et al., 2003) and a contaminated groundwater bioremediation reactor (Tiirola et al., 2002) . At the time of writing, the genus Novosphingobium contains 23 species with validly published names (http://www.bacterio.net/index.html).
While investigating the bacterial diversity in the plant rhizosphere, a novel strain (designated CC-ALB-2 T ) was isolated from the roots of Arabidopsis thaliana. Briefly, the rhizosphere soil was collected from Arabidopsis thaliana; a soil sample (10 g) was introduced into physiological saltwater (0.85 % NaCl) and shaken at 25 u C for two hours. Subsequently, this sample was serially diluted (10-fold dilutions), spread (100 ml plate -1 ) on 10-fold diluted nutrient agar (NA, Hi-Media) coated with different DDT (dichlorodiphenyltrichloroethane) concentrations (50, 100, 150 and 200 mg l 21 in acetone), and incubated under darkness for one week. Yellow colonies appeared and were picked, purified and subcultured on R2A agar (Oxoid). Bacterial strains were preserved as the final con. 30% (v/v) glycerol suspensions at 280 u C for further characterization. For taxonomic purposes, reference strains Novosphingobium soli DSM 22821
T strain CC-TPE-1 T and Novosphingobium stygium KCTC 2891 T were purchased from their respective culture collection centre. For direct comparative analysis, all three strains were grown on R2A at 30 u C for two days, unless specified otherwise. Colony morphology and presence of flagella were investigated using the colonies/cells grown on R2A for 72 h.
Cell morphology was observed by transmission electron microscopy (JEM-1400; JEOL) after staining with 0.2 % uranyl acetate, as well as by light microscopy (model A3000; Zeiss). Gram-staining was performed as described by Murray et al. (1994) . Growth was tested using nutrient broth (NB, Hi-Media) at temperatures of 20-50 u C (in 5 u C increments) and pH 5-10 (in 1 unit increments). Salt tolerance was determined by cultivating the organism in NB supplemented with NaCl at final concentrations of 0-5 % (in 1 % increments). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N9,N9,-tetramethyl-1,4-phenylenediamine reagent (bioMérieux). The DNase test was conducted by using DNase test agar (Hi-Media). Carbon source utilization patterns were determined by using the GN2 MicroPlate system (Biolog). Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips (bioMérieux). The activities of various enzymes were determined by using the API ZYM system (bioMérieux).
Strain CC-ALB-2 T was Gram-stain-negative, rod-shaped, 1.6-2.4 mm in length and 0.6-0.8 mm in diameter (Fig. S1 available in IJSEM Online). Colonies were circular, smooth and yellow after 2 days of incubation on NA and R2A agar. In NB, strain CC-ALB-2 T was able to grow at 25-37 u C, pH 5.0-8.0 and with 1.0 % (w/v) NaCl and tolerate DDT up to 200 mg l
21
. Strain CC-ALB-2 T was distinguished from both reference strains (N. stygium KCTC 2891 T and N. soli CC-TPE-1 T ) based on NaCl tolerance range; utilization of i-erythritol, D-mannose, a-ketobutyric acid, propionic acid, glycyl L-aspartic acid, and L-phenylalanine; positive reactions for for valine arylamidase, cystine arylamidase, b-glucuronidase and a-glucosidase activities; and the inability to utilize sucrose. A comparison of the phenotypic properties of strain CC-ALB-2 T and the two reference strains is given in Table 1 . The detailed phenotypic characteristics of strain CC-ALB-2 T are given in the species description.
Bacterial genomic DNA was isolated by using the UltraClean microbial genomic DNA isolation kit (MO BIO) according to the manufacturer's instructions. The extracted DNA was used as template to amplify the 16S rRNA gene by PCR with bacterial universal primers 1F and 9R. Primers 3F, 5F and 4R were used for sequencing reactions (Edwards et al., 1989) . Gene sequencing was performed by using the BigDye terminator kit (Heiner et al., 1998) , and nucleotide sequences of the PCR products were determined by using an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems) (Watts & MacBeath, 2001 ). The DNA sequences were then assembled using the Fragment Assembly System program from the Wisconsin software package (GCG, 1995) . The almost-complete 16S rRNA gene sequence (1446 bp) of strain CC-ALB-2 T was uploaded to the EzBioCloud server (EzTaxon-e Database, Kim et al., 2012) and NCBI servers for BLAST searches. Subsequently, closely . All data were obtained in this study except where otherwise indicated. All strains are positive for catalase and oxidase activity; assimilation of D-glucose and L-arabinose; activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, and naphthol-AS-BI-phosphohydrolase; and utilization of Tween 40, Tween 80, a-D-glucose, pyruvic acid methyl ester, b-hydroxybutyric acid, L-glutamic acid and glycyl L-glutamic acid as carbon sources. All strains are negative for indole production; gelatin hydrolysis; and utilization of glycogen, D-arabitol, D-fructose, alactose, D-sorbitol, trehalose, acetic acid, citric acid, glycerol and Dglucose 6-phosphate as carbon sources. +, Positive; 2, negative. 
65.4* 71.4±0.1 *Data from Balkwill et al. (1997) .
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related 16S rRNA gene sequences were retrieved from EzTaxon-e or GenBank databases and aligned by using the CLUSTAL_X (version 1.83) program (Thompson et al., 1997) .
Comparison of the 16S rRNA gene sequence of strain CC-ALB-2 T to sequences available in the databases revealed the highest similarity to N. stygium KCTC 2891 T (97.1 %) and N. soli DSM 22821
T strain CC-TPE-1 T (96.8 %), and lower levels of similarity (,97.0 %) to other species These similarity values suggested that strain CC-ALB-2 T could be considered as a novel species since sequence divergence values of ¢3 % are recommended to be strong evidence that the organisms are not related at species level (Stackebrandt & Goebel, 1994) . Phylogenetic analysis was performed with MEGA 5.2.1 software (Molecular Evolutionary Genetics Analysis, version 5; Tamura et al., 2011) and the topology of the resultant neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) trees were evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications. The phylogenetic tree reconstructed by maximum-likelihood method is shown in Fig. 1 . Based on different evolutional comparisons, strain CC-ALB-2 T was within the cluster of the genus Novosphingobium.
For the analysis of DNA G+C content, DNA samples were prepared and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixtures obtained were then separated and analysed via HPLC [Hitachi L-2130 chromatograph equipped with a Hitachi L-2200 autosampler, Hitachi L-2455 diode array detector, and a reverse-phase C18 column (Phenomenex Synergi 4 mm Fusion-RP80 25064.60 mm)]. Polyamines were extracted as described by Scherer & Kneifel (1983) , analysed by HPLC. The dansyl derivatives were separated by using a Hitachi L-2130 equipped with a Hitachi L-2200 autosampler, Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm), and a reversephase C18 column (Phenomenex Synergi Fusion-RP80, 25064.60 mm, 4 mm particle size). Polar lipids were extracted and analysed by two-dimensional TLC, and isoprenoid quinones were purified by the methods according to Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . For the extraction of fatty acid methyl esters (FAMEs), strain CC-ALB-2 T and the two reference type strains were cultured simultaneously on R2A agar for 48 h at 30 u C (all exhibited similar growth rates). Harvested biomasses were subjected to saponification, methylation and extraction (Miller, 1982) . FAMEs were
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Novosphingobium subterraneum NBRC 16086 T (AB025014)
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Novosphingobium pentaromativorans US6-1 T (AF502400)
Novosphingobium mathurense SM117 T (EF424403)
Novosphingobium naphthalenivorans TUT562 T (AB177883)
Novosphingobium panipatense SM16 T (EF424402)
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Azospirillum formosense CC-Nfb-7 T (GU256444) prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990) by gas chromatograph (7890A; Agilent) fitted to a flame-ionization detector. Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0).
The DNA G+C content of strain CC-ALB-2 T was 68.9±0.1 mol%. The predominant quinone system was ubiquinone (Q-10). The polar lipid profile of strain CC-ALB-2 T was similar to that of N. soli CC-TPE-1 T with sphingoglycolipid (SGL), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidyldimethylethanolamine (PDE), phosphatidylglycerol (PG) and phosphatidylcholine (PC) as major lipids; glycolipid (GL) was present but lacked in N. soli CC-TPE-1 T . (Fig. 2) . The polyamine pattern of strain CC-ALB-2 T showed a predominance of spermidine (Spd) as the major polyamine, which is rather different from sym-homospermidine (Hspd) contained in members of the genus Sphingomonas (Fig. S2) . The major fatty acids in strain CC-ALB-2 T were C 14 : 0 2-OH (13.1 %), C 16 : 0 (10.0 %), C 15 : 0 iso 3-OH (5.8 %), C 16 : 1 v7c/C 16 : 1 v6c (summed feature 3, 24.7 %) and C 18 : 1 v7c/C 18 : 1 v6c (summed feature 8, 42.4 %). The fatty acid profile of strain CC-ALB-2 T was comparable with those of N. stygium KCTC 2891 T and N. soli CC-TPE-1 T (Table 2 ). Based on these distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data, the novel strain CC-ALB-2 T represents a novel species within the genus Novosphingobium, for which the name Novosphingobium arabidopsis sp. nov. is proposed.
Description of Novosphingobium arabidopsis sp. nov.
Novosphingobium arabidopsis (a.ra.bi.dop9sis. N.L. gen. n. arabidopsis of Arabidopsis, isolated from Arabidopsis thaliana roots).
Cells are Gram-stain-negative, rod-shaped, 1.6-2.4 mm in length and 0.6-0.8 mm in diameter. Colonies are circular, smooth and yellow after two days incubation on NA. Grows at temperatures from 25 to 37 u C, at pH 5.0-8. stained with molybdatophosphoric acid. DPG, diphosphatidylglycerol; GL, glycolipids; PC, phosphatidylcholine; PDE, phosphatidyldimethylethanolamine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PL1-2, unidentified phospholipids; SGL, sphingoglycolipid; L1-2, unidentified lipids; 1D, first dimension; 2D, second dimension. predominance of spermidine as the major polyamine. The predominant quinone system is ubiquinone (Q-10).
The type strain CC-ALB-2 T (5BCRC 80571 T 5JCM 18896 T ) was isolated from the rhizosphere of Arabidopsis thaliana. The DNA G+C content of the type strain is 68.9±0.1 mol%.
